It is shown that new possibilities for control of the lifetime of a system in a resonance state emerge when the density of resonances overlapping and interfering with the target resonance increases. When using a control scheme combining two pump laser pulses, it is found that increasing the density of resonance states overlapping with the target one increases the selectivity of the scheme applied, and leads to achieve a remarkably higher degree of control. Lifetime enhancements by factors up to 20 are obtained when this selectivity is applied. The underlying reasons for such strong enhancements are analyzed and explained in the light of the equations of the model applied. Application of this strategy to control and enhance the lifetime of a system in excited states is envisioned. © 2013 AIP Publishing LLC. [http://dx
I. INTRODUCTION
The design of coherent control strategies of molecular processes has been explored in several fields of chemistry and physics over nearly the last three decades.
1- 22 The basis of coherent control consists of manipulating constructive and destructive interference of quantum pathways between the initial and final target states. Consequently, the control schemes proposed are typically based on quantum interference mechanisms that are induced and controlled by means of laser pulses. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Photodissociation, molecular reactions, and radiationless transitions are among the various processes whose control has been pursued.
It has been discussed that the occurrence of periodic vibrational revivals along time of molecular wave packets can be used to control photochemical processes. 21, [23] [24] [25] However, due to coupling of the system with the environment an initial coherent superposition of system vibrational states tends to dephase with time, and the onset of wave packet decoherence appears. Decoherence suppresses the wave packet revivals and then the possibility of controlling the photochemical process. Several strategies have been designed to control wave packet decoherence, in order to avoid it or to delay it as much as possible. 26, 27 Among the schemes proposed, one is based on controlling the quantum interference that occurs between overlapping resonances of the system populated by a coherent superposition created by a laser pulse, by varying the relative amplitude of the resonances. [28] [29] [30] An extensive discussion and an analytical treatment of the preparation and decay evolution of a superposition of overlapping resonances are presented in Ref. 28(a) .
The effect of interference between overlapping resonances excited in a coherent superposition was also used recently to suggest a scheme to control the lifetime of a single overlapping resonance within the superposition created. The control scheme is based on the novel finding that the lifetime of an overlapping resonance is no longer an intrinsic property of the resonance state, as it is the case of an isolated resonance, but instead it strongly depends on the amplitudes of the other overlapping resonances populated in the superposition. 31 This effect allows one to control the survival probability and the associated lifetime of a specific resonance state by simply modifying the relative amplitudes of the excited resonances overlapping with the target resonance in the superposition prepared.
The control scheme was applied to a realistic threedimensional wave packet model of the predissociation decay dynamics of Br 2 (B, v = 27)−Ne in its ground van der Waals (vdW) resonance, which overlaps with practically only one orbiting resonance in the lower v − 1 = 26 vibrational manifold of Br 2 . 32 In a first scheme proposed the relative amplitudes of the two overlapping resonances were modified by changing the width of the pump pulse used to create the resonance superposition. 31 Later on, a more flexible control scheme using a combination of two pump laser pulses, each pulse exciting one of the two resonances, was suggested. By varying the ratio of intensities and the delay time between the two pulses, a strong enhancement of the resonance lifetime, by a factor of up to three, was achieved. 33 The regime of two overlapping resonances of Br 2 (B, v = 27)−Ne is the simplest overlapping regime we can have, being very suitable to understand how the proposed control scheme works. 31 The counterpart, however, is that this sparse overlapping regime limits to a large extent the possibilities of control of the scheme. Indeed, as discussed previously (see the discussion around the general equation (Eq. (7) of Ref. 31) , the larger is the number of resonances overlapping (and interfering) with the target resonance, the higher can be the degree of control achieved on the resonance survival probability and lifetime. It is also noted that the enhancement of the ability of control when the density of overlapping resonances increases has been shown and discussed as well in the context of control of the decay of the whole coherent superposition of resonances prepared. 29, 30 Thus, investigating in detail how the degree of control of a single resonance lifetime can be increased when we change to a denser overlapping regime is a most interesting issue, and is the main goal of the present work.
The Br 2 (B, v )−Ne system presents the interesting advantage that for vibrational levels v > 27 we can find the situation of higher density of overlapping resonances. It has been shown that for v > 27 the ground vdW resonance of Br 2 (B, v )−Ne overlaps with a spectrum of several vdW resonances corresponding to the v − 1 manifold and located below the Br 2 (B, v − 1) + Ne dissociation threshold. 34, 35 Thus, by simply changing the vibrational level v in Br 2 (B, v )−Ne, it is possible to compare the behavior of a given control scheme in the cases of the very sparse overlapping regime of v = 27 (with only two overlapping resonances) and of a denser overlapping regime (v > 27). For this latter case the v = 35 vibrational level has been chosen in this study in order to investigate how the degree of control can be increased when we change to a stronger overlapping regime.
The onance. Previous variational calculations of the zeroth-order energies of these v − 1 resonances (see (for n = 13), respectively. The v = 35 excitation spectrum displays a remarkably denser regime of v − 1 resonances overlapping with the v ground resonance than in the v = 27 case. In this situation new possibilities for control are expected to open up. In fact, a study of the control of the lifetime of the Br 2 (B, v = 35)−Ne ground resonance by applying the control scheme using a single pulse of variable width has been recently reported. 39 That work indeed confirmed that the interference pattern found both in the survival probability of the v ground resonance and in the transient population curves for appearance of Br 2 (B, v < v ) products is more intense for v = 35 than in the v = 27 case, as a result of the larger number of v − 1 overlapping resonances interfering with the v one. It is stressed that the v ground resonance survival probability and the Br 2 (B, v < v ) appearance probabilities are observable quantities. 38, 40 However, the more flexible control scheme using two pulses 33 (or even more) is expected to exploit better the new possibilities for control that appear with the denser overlapping regime. One of these possibilities is to select different v − 1 overlapping resonances to be excited with the second pump laser pulse, which will probably lead to a different pattern of interference with the v ground resonance, and to a correspondingly different degree of control. Another possibility is to use more than two pump laser pulses, for instance three ones, where the second and third pulses would excite different combinations of two energies associated mainly with v − 1 resonances overlapping with the v resonance excited with the first pulse, which is expected to enhance remarkably the intensity of interference and of control. The purpose of the present work is to explore these new possibilities of control. In addition, the effect of the control scheme applied on the survival probabilities of the v − 1 overlapping resonances will be analyzed as well for the first time.
The paper is organized as follows. Section II describes briefly the methodology used. Section III presents and discusses the results. Some conclusions are given in Sec. IV.
II. METHODOLOGY
Optical excitation of the system to the Br 2 (B, v = 35)−Ne ground vdW resonance and the subsequent predissociation of the complex was simulated with a threedimensional wave packet method previously described in detail. 34 The wave packet is expanded on the basis of Br 2 (B, v) vibrational states v, and ten states, v = v , v − 1, v − 2, . . ., v − 9 were used in the expansion. Details of the computation of the energies and wave functions of the v and v − 1 vdW resonances were given elsewhere. 34, 35 An empirical potential-energy surface is used. 34, 36 In this work, three different pump laser electric fields have been applied, namely, one involving a single laser pulse, E 1 (t), one involving a combination of two laser pulses, E 2 (t), and a third one involving a combination of three laser pulses
and E 3 (t) = Ae
All the pulses involved in the three electric fields of Eqs. (1)- (3) were assumed to have the same intensity A and the same full width at half maximum (FWHM), related to σ , which in the time domain is FWHM = 200 ps, and corresponds to a spectral width of FWHM = 0.15 cm −1 . This narrow spectral width implies that each pulse excites a very narrow, nearly monochromatic distribution of energies. The phases of the pulses of the fields of Eqs. (1)- (3) have been assumed to be zero. It is well known that the relative phase between the two or three pulses is an additional control parameter that may have an impact on the control scheme outcome, 18, 20 and varying it is expected to have an effect also on the present interference mechanism between overlapping resonances and thus on their lifetime.
The frequency ω 1 in the three electric fields is the photon frequency required to excite the energy of the main peak of the excitation spectrum, −56.34 cm −1 . Thus, the pulse centered at ω 1 is the one exciting the Br 2 (B, v = 35)−Ne ground vdW resonance. The ω 2 and ω 3 frequencies are the photon frequencies required to excite the energies of peaks of the spectrum mainly associated with v − 1 vdW resonances. While the energy excited with ω 1 is always the same (−56.34 cm −1 , associated with the v ground resonance), depending on the specific simulation the peak energies excited with ω 2 and ω 3 will change in order to excite different v − 1 resonances. In the simulations reported here three peak energies have been excited with the pulses centered at ω 2 and ω 3 , namely, −60.76, −57.75, and −54.23 cm −1 , indicated by the arrows labeled with n = 7, 9, and 11, respectively, in Fig. 1 . These three peaks are the most intense ones closest in energy to the main peak of the spectrum, which is expected to involve a stronger overlapping of the corresponding v − 1 resonances with the v ground resonance. It is noted that in the present overlapping regime several v − 1 resonances (and also the v ground resonance) will contribute to each peak energy, although one of them will provide the main contribution.
In the three fields E 1 (t), E 2 (t), and E 3 (t) the time t 1 is always fixed at t 1 = 0, while t 2 and t 3 are fixed at t 2 = t 3 = 120 ps, which implies that in all the simulations the center of the second and third pulses is delayed by 120 ps from the center of the first pulse. It has been found 33 that the delay time between pulses is a parameter that affects dramatically the degree of control achieved on the resonance lifetime, and that can be optimized for each target resonance. It is stressed, however, that in the present work no attempt has been made to optimize the delay time between pulses chosen.
III. RESULTS AND DISCUSSION

A. Simulations applying the single pulse electric field
When the electric field E 1 (t) is applied, a wave packet (t) is created with a very narrow distribution of energies around the energy of the main peak of the spectrum. This wave packet contains contributions of several v and v − 1 overlapping resonances. Let us denote by ψ gr and ψ n the wave functions associated with the v ground resonance and with the different v − 1 resonances labeled by the n index, respectively. The survival probability associated with each of these resonances can be expressed as I gr (t) = | ψ gr | (t) | 2 for the v ground resonance and I n (t) = | ψ n | (t) | 2 for the different v − 1 resonances. Such survival probabilities obtained with the E 1 (t) field are shown in Fig. 2 . No interference pattern, or at most a very weak, practically negligible one is displayed by the probability curves despite that several v and v − 1 resonances are populated. The practical absence of interference pattern is due to the very narrow spectral width of the wave packet prepared, which closely approaches the single energy component situation, and a single energy component does not interfere with itself.
It is noted that if the system was excited with a deltafunction pulse (instead of with a narrow bandwidth pulse, as done here), all the v and v − 1 resonances having appreciable Frank-Condon factors with the ground state would be populated. Previous works using a single pump pulse with increasing bandwidth indicate that the lifetime of the v ground resonance decreases remarkably as the spectral width of the pulse increases, due to the interference of the increasing number of overlapping resonances populated. 31, 39 Thus, it is expected that the v ground resonance lifetime would reach a minimum for a delta-function excitation. The most interesting feature of the survival probabilities of Fig. 2 is that they provide information on the population of the different v − 1 resonances at the energy of the v ground resonance, and therefore provide an estimate of the extent to which they overlap. The figure shows that the strongest overlapping with the v resonance occurs for the v − 1 resonances n = 9, 11, 8, 7, and 10 (following this order), while overlapping of the v resonance with the v − 1 resonances n = 5, 6, and 12 is practically negligible. This result confirms that the three peak energies labeled as n = 7, 9, and 11 in Fig. 1 are the best candidates to be excited in order to induce a stronger interference with the v ground resonance and to achieve a higher degree of control over its lifetime.
B. Simulations applying the two pulse electric field
When the two pulse electric field E 2 (t) is applied, two different peak energies are now excited (along with a narrow distribution of energies around them) in the superposition created. These two energy components of the wave packet, and therefore the v and v − 1 overlapping resonances contributing to them, can now interfere. The survival probability of the v ground resonance, I gr (t), has been calculated when the second pulse centered at ω 2 excites the three energies associated mainly with the v − 1 resonances n = 7, 9, and 11, and they are plotted in Fig. 3(a) . The I gr (t) survival probability obtained with the single pulse field E 1 (t) is also shown for comparison.
All the I gr (t) curves obtained with the E 2 (t) field show a strong pattern of interference. This interference pattern is characterized by a constant time separation between the peaks of the I gr (t) curves, which is inversely proportional to the separation of the two peak energies populated by the two pulses of the E 2 (t) field. The constant time separation between peaks in the I gr (t) curves found for the peak energies excited by the second pulse corresponding to n = 7, 9, and 11 are ∼7, ∼24, and ∼15 ps, respectively. These time separations correspond to the separations of ∼4.4, ∼1.4, and ∼2.1 cm −1 between the energies of the v ground resonance and the v − 1 resonances n = 7, 9, and 11, respectively. The E 2 (t) field survival probability curves reach remarkably higher intensities and extend to longer times than the survival probability obtained with the single pulse field. Indeed, the single pulse probability decays completely at 200 ps, while the E 2 (t) curves reach up to 300 ps. While the n = 7 and 11 curves are very similar in intensity and temporal spreading, the n = 9 I gr (t) probability reaches a substantially higher intensity and temporal spreading, as a result of stronger interference between the corresponding excited v and v − 1 resonances.
Lifetimes τ associated with the four I gr (t) survival probabilities of Fig. 3(a) have been obtained by fitting the I gr (t) curves to the function
with CC(t) being the cross-correlation curve of the laser pulse used to excite the v ground resonance, and B being an amplitude scaling parameter. 34, 38 The fits obtained for three of the 4) for the v ground resonance when the E 1 (t) field is applied, and when the E 2 (t) field is applied exciting the energies −54.23 cm −1 and −57.75 cm −1 mainly associated with the n = 11 and 9 resonances, respectively, with the second pulse of the field. curves are shown in Fig. 3(b) . The lifetime estimated for the single pulse I gr (t) survival probability is τ = 3.8 ps, while the lifetimes obtained for the E 2 (t) field I gr (t) probabilities are τ = 43 and 44 ps for excitation of the n = 7 and 11 peak energies, respectively, and τ = 61 ps for the n = 9 peak energy. Thus, the v ground resonance lifetime is strongly enhanced by a factor of about 11 when the energies associated with the v − 1 resonances n = 7 and 11 are populated, and the factor of lifetime enhancement increases further up to 16 when the n = 9 peak energy is excited. Clearly the magnitude of control achieved on the lifetime enhancement increases remarkably when it is possible to select different overlapping resonances to interfere with the target resonance.
As previously discussed, 31, 33 for Br 2 (B, v = 27)−Ne the two pulse electric field creates a superposition of essentially two v and v − 1 overlapping resonances (t) = a gr (t)ψ gr (t) + a n (t)ψ n (t).
In this case the survival probability associated with the v ψ gr resonance can be expressed as
+ a gr (t)a n (t) * ψ gr |ψ gr (t) ψ n (t)|ψ gr + a gr (t) * a n (t) ψ gr (t)|ψ gr ψ gr |ψ n (t) ,
where the last three terms are responsible for the interference pattern. There is a similar equation to Eq. (6) for I n (t) = | ψ n | (t) | 2 . Since for v = 27 there is only one v − 1 resonance ψ n , in order to control the interference terms of Eq. (6) we can only modify the a gr and a n amplitudes of the superposition (t), which was done by different means using electric fields with one pulse of variable width 31 and two pulses. 33 However, in the denser overlapping regime of v = 35 there are now available different v − 1 resonances ψ n to be excited with the second pulse of the electric field, creating the superposition (t) = a gr (t)ψ gr (t) + n a n (t)ψ n (t).
Thus, in addition to vary the a gr and a n amplitudes, now it is possible to modify the overlapping factors ψ gr |ψ n (t) in the expression of I gr (t) by selecting different ψ n resonances for excitation. The larger is the overlapping between ψ gr and ψ n , the larger will be the effect of the interference terms on I gr (t), and the degree of control achieved. This is why interference is stronger in the I gr (t) curve of Fig. 3 obtained for the n = 9 peak energy, because the overlapping between ψ gr and ψ 9 is the largest (see Fig. 2 ). Then, the denser overlapping regime allows for selective control over a new element of the I gr (t) survival probability, namely, the overlapping factor ψ gr |ψ n (t) , in addition to the amplitudes of the resonances in the coherent superposition. As mentioned above, several v and v − 1 resonances contribute to each peak energy excited. It means that each pulse of the E 2 (t) field populates several v − 1 resonances ψ n [instead of only one as in Eq. (5)] with different weights [see Eq. (7)]. Thus, with only two pulses we can achieve interference of the v resonance with several v − 1 resonances, leading to a large number of interference terms [many more than three ones as in Eq. (6)] affecting the I gr (t) survival probability. This increases dramatically the intensity of interference and the degree of control, and explains the large factors 11 and 16 of lifetime enhancement achieved without optimization of other parameters.
C. Simulations applying the three pulse electric field
Simulations have been carried out applying the E 3 (t) electric field involving three pump pulses. In particular, two different situations have been investigated, namely, one where 1 pulse: gr 3 pulses: gr, n=7,9 3 pulses: gr, n=9,11 t (ps) probability FIG. 4 . Survival probabilities of the v ground resonance obtained when the three pulse electric field E 3 (t) is applied, exciting with the second and third pulses the energies −60.76 cm −1 and −57.75 cm −1 mainly associated with the v − 1 resonances n = 7 and 9, respectively, and also exciting with the second and third pulses the energies −57.75 cm −1 and −54.23 cm −1 mainly associated with the v − 1 resonances n = 9 and 11. The survival probability obtained for the v ground resonance by applying the E 1 (t) field is also shown in the figure for comparison.
the ω 2 and ω 3 pulses excite the peak energies mainly associated with the n = 7 and 9 resonances (−60.76 and −57.75 cm −1 ), respectively, and another one where those pulses excite the peak energies of the n = 9 and 11 resonances (−57.75 and −54.23 cm −1 ), respectively. The survival probability I gr (t) calculated in the two cases is shown in Fig. 4 , along with the survival probability obtained with the single pulse field E 1 (t) for comparison.
As expected, the curves of Fig. 4 display a more intense interference pattern and a longer temporal spreading than the survival probabilities of Fig. 3 . This is the result that a larger number of v − 1 resonances overlapping with the v resonance are now simultaneously excited, which leads to a remarkably larger number of interference terms affecting the shape of the I gr (t) probability. The lifetimes associated with the survival probabilities of Fig. 4 are correspondingly longer, being τ = 70 ps for the I gr (t) curve obtained when the energies associated with the n = 7 and 9 resonances are excited, and τ = 73 ps when the energies excited correspond to the n = 9 and 11 resonances. Thus, in this case the v ground resonance lifetime is enhanced by nearly a factor of 20 with respect to the situation when a single pulse electric field is used.
It should be noted that the survival probabilities of Fig. 4 display now two different constant time separations between peaks. The two time separations are directly related to the two energy separations between the three peak energies that are populated by the three pulse field E 3 (t). It is also worth noting that the largest lifetime enhancement, up to 73 ps, is obtained when we excite the energies associated mainly with the n = 9 and 11 resonances. These two resonances are those leading also to the largest lifetime enhancements (up to 61 and 44 ps, respectively) when they are excited separately. This result indicates that selectivity still operates when a combination of two energies mainly associated with v − 1 resonances are populated simultaneously with the E 3 (t) field, and that different combinations of two such energies will produce different control outcomes.
D. Survival probabilities of the v − 1 resonances
It is very interesting to analyze also the behavior of the I n (t) survival probabilities of the different v − 1 resonances ψ n when the energy excited by the second pulse of the electric field E 2 (t) is varied. Figure 5 shows the survival probabilities I gr (t) and I n (t) for the resonances n = 5-12 for two different situations, namely, when the second pulse of E 2 (t) excites the peak energies mainly associated with the n = 9 and 11 resonances. The I gr (t) curve obtained with the single pulse field E 1 (t) is also shown in the two cases for comparison. Figure 5 displays the interesting finding that all the I gr (t) and I n (t) survival probabilities present a similar interference pattern with the same time separation between peaks. While this was expected because it is determined by the energy separation ω 1 − ω 2 , the interesting feature found in the two panels of the figure is that the interference patterns of all the survival probabilities are nearly in phase, that is, the peaks of the different I gr (t) and I n (t) curves nearly coincide. This result is likely due to the narrow spectral width of the two pump pulses. This finding may have two important implications. One is of experimental interest. Indeed, when probing experimentally the survival probability of Br 2 (B, v = 35)−Ne at the energy of the maximum of the excitation spectrum, where the v resonance overlaps strongly with several v − 1 resonances (see Fig. 2 ), since the interference patterns of all the v and v − 1 resonances are similar and nearly in phase, the interference pattern of the system survival probability probed is very likely to survive and to be observed. The other implication involves the appearance of an additional parameter of control. Since the time separation between the peaks in the interference pattern of the different survival probabilities depends on the ω 1 − ω 2 separation, we can control it by selecting different peak energies to be excited with the ω 2 pulse. Control on the periodicity of the interference peaks can be used to make more effective further excitation of the system to other electronic or vibrational states, as in the case of the vibrational revivals. 23 As expected, Fig. 5 shows that the strongest interference effects are displayed by the v and v − 1 survival probabilities that are populated simultaneously by the two pulses of E 2 (t). In this sense, the strongest enhancement of intensity and time spreading is found for the I gr (t), I 8 (t), and I 9 (t) (and to a lesser extent the I 7 (t)) survival probabilities in Fig. 5(a) , and for the I gr (t) and I 11 (t) (and to a lesser extent the I 10 (t)) survival probabilities in Fig. 5(b) . When the system is excited to a given energy (or to a narrow bandwidth around this energy), for instance, the energy −56.34 cm −1 of the maximum of the excitation spectrum, several v and v − 1 overlapping resonances contribute to this energy, and the interference effects of their corresponding survival probabilities will add together. By means of interference we are enhancing the lifetime not only of the v ground resonance, but also of some of the v − 1 resonances contributing to the above energy. Thus, the interesting implication is that in a denser overlapping regime, the final lifetime enhancement of the survival probability of the system at that energy can be remarkably larger than that associated only with the target v ground resonance survival probability.
E. Population curves for appearance of Br 2
The behavior of the time-dependent probability curves of appearance of the Br 2 (B, v < v ) product fragments has also been investigated. Such probability curves are calculated by accumulating the wave packet probability in the asymptotic region where the −Ne complex using the single pulse, the two pulse, and the three pulse electric fields. When the two pulse field is used, Br 2 (B, v < v ) population curves are shown when the second pulse excites the energies associated mainly with the v − 1 resonances n = 7, 9, and 11. When the three pulse field is applied, Br 2 (B, v < v ) population curves are shown when the second and third pulses populate the energies associated mainly with the v − 1 resonances n = 7 and 9, respectively, and n = 9 and 11, respectively. Fits to the Br 2 (B, v = v − 2) population curves, used to estimate associated lifetimes in all cases, are also shown in the figure. product. In the case of the Br 2 (B, v = 35)−Ne ground resonance the v = −1 dissociation channel is energetically closed, and therefore only the v ≤ v − 2 vibrational states can be populated. The difference between the survival probability curve I gr (t) and the Br 2 (B, v < v ) appearance probability curves is that only a single resonance (the v ground one) contributes to I gr (t), while all the populated v and v − 1 vdW resonances will contribute to the appearance probabilities. Thus, substantial changes in the shape of the Br 2 (B, v < v ) appearance probability curves can be expected as the number and nature of the v − 1 resonances populated is varied. In Fig. 6 , the Br 2 (B, v < v ) appearance population curves for v = v − 2, v − 3, . . . , v − 6 calculated by applying the electric fields with a single pulse, two pulses, and three pulses, are shown.
Interestingly, in general the Br 2 (B, v < v ) appearance curves obtained with the two and three pulse fields show an interference pattern. Such a pattern is displayed by the population curves corresponding to all the different v dissociation channels. As in the case of the I gr (t) survival probabilities of Figs. 3 and 4 , the intensity of the pattern is larger as the overlapping between the v and the v − 1 resonances excited is stronger (the strongest overlapping occurring with the n = 9 resonance), and as the number of v − 1 resonances populated increases, when the three pulse electric fields are used. The constant time separations of the patterns of Fig. 6 , namely, a single time separation with the two pulse fields and two different time separations with the three pulse fields, are the same as those found in the I gr (t) survival probabilities. The main difference between the interference patterns of Fig. 6 and those of Figs. 3 and 4 is that the intensity of the former ones is dramatically smaller, and they have been mostly washed out.
The reason why the interference pattern is mostly washed out in the Br 2 (B, v < v ) product probability curves is related to the fact that the different v and v − 1 resonances contributing to the Br 2 (B, v < v ) curves have different predissociation lifetimes, and therefore different time scales for dissociation through the v channels to produce Br 2 (B, v < v ) fragments. These different time scales cause a dephasing in time of the maxima and minima of the interference patterns of the different resonances contributing to the Br 2 (B, v < v ) curves, which leads to almost disappearance of the pattern in the product probability curves. This situation is in sharp contrast with that of the I gr (t) survival probabilities of the different v and v − 1 resonances, whose interference patterns are nearly in phase, as discussed above (see Fig. 5 ). However, the result that the interference pattern is still able to survive in the Br 2 (B, v < v ) product curves seems to support strongly the chances to observe the (nearly in phase) pattern of the I gr (t) survival probability curves of Fig. 5 .
As mentioned above, in a regime of relatively strong overlapping like that of Br 2 (B, v = 35)−Ne, the Br 2 (B, v < v ) population curves are an average of contributions from all the v and v − 1 resonances excited. This has two main implications. The first implication is that the lifetime associated with the Br 2 (B, v < v ) curves is an average of the predissociation lifetimes of all the resonances contributing to the product curves, and therefore this lifetime is no longer directly related only to the lifetime of the v ground resonance, as it happens when the v ground resonance is isolated, not overlapping with other vdW resonances.
The second implication, derived from the above one, is that the lifetime for Br 2 (B, v < v ) product appearance can be modified and control to some extent by changing the number and nature of the v − 1 vdW resonances populated with the second (and third) pulse(s). It is noted, however, that this type of lifetime control for Br 2 (B, v < v ) product appearance is rather unrelated to the mechanism of interference between overlapping resonances. The Br 2 (B, v = v − 2) curves of Fig. 6 have been fitted to a convolution function 34, 38 (shown in Fig. 6 ) in order to estimate the corresponding lifetimes. The lifetimes obtained are τ = 7.3 ps when the single pulse field is used, τ = 31, 40, and 25 ps when the two pulse field is used and the energies mainly associated with the v − 1 resonances n = 7, 9, and 11 are excited with the second pulse, respectively, and τ = 41 and 43 ps when the three pulse field is used and the energies mainly associated with the v − 1 resonances n = 7 and 9 and n = 9 and 11 are excited with the second and third pulses, respectively. Indeed such Br 2 (B, v = v − 2) appearance lifetimes are quite different from the lifetimes found for the corresponding I gr (t) survival probabilities of the v resonance, due to the contributions of the v − 1 resonances. A substantial variation of the appearance lifetime, from 7.3 to 43 ps, is found by using second and third pulses and selecting different additional energies to be excited corresponding to different v − 1 resonances. The curves of Fig. 6 show another interesting result. By increasing the number of overlapping resonances populated by the second and third pump pulses, and also by increasing the magnitude of the overlapping between them, leads to an increase of the proportional weight of the population of Br 2 (B, v) in the lower vibrational levels v < v − 2. This is particularly clear for the v − 3 population. It thus appears that increasing the overall overlapping between the resonances populated favors the vibrational deactivation of the Br 2 (B, v) fragment produced. It should be worth to investigate further this point, since it might have potential interest in the cooling of the internal excitation of molecules. [41] [42] [43] [44] 
IV. CONCLUSIONS
This work shows that moving to a denser regime of overlapping resonances opens up new possibilities for control of a system lifetime in a target resonance, using a control scheme with two (or more) pump laser pulses of simple experimental application. In particular, increasing the available number of resonances overlapping with the target resonance allows one to be more selective when choosing the resonance(s) interfering with the target one, which also increases the degree of control achieved. A higher density of overlapping resonances also involves remarkably stronger interference effects, leading to a very large lifetime enhancement for the target resonance by a factor of up to 20, without any optimization of other parameters of the control scheme. The present results and conclusions are general to any system with a regime of overlapping resonances where Eq. (7) is valid and an external field like E 2 (t) or E 3 (t) can be applied. 
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